Introduction {#tca12973-sec-0005}
============

Thoracic cancer includes lung cancer, lung metastasis, esophageal cancer, mediastinal tumor, bone tumors, and breast cancer. It is the most diagnosed cancer and the leading cause of cancer death.[1](#tca12973-bib-0001){ref-type="ref"} Clinicians can use surgery, radiotherapy, chemotherapy, and interventional treatment according to neoplasm staging and the clinical characteristics of the patient. Palussière pointed out that thermal ablation is highly suitable for locoregional therapy of thoracic cancer due to the thermal insulation of air.[2](#tca12973-bib-0002){ref-type="ref"} Ablation technology is an important component of the anticancer therapy system and plays a key role in interventional therapy. Thermal ablation, as a small trauma and restores rapid therapy, has great potential in the treatment of thoracic cancer and is frequently prescribed for combined treatment.[3](#tca12973-bib-0003){ref-type="ref"}, [4](#tca12973-bib-0004){ref-type="ref"} Ablation technology means a series of methods that cause coagulation and necrosis of tumor tissues by heating them.[5](#tca12973-bib-0005){ref-type="ref"} In particular, ablation therapy microwave ablation (MWA) can quickly relieve symptoms, improve the quality of life, and prolong survival time. Radiofrequency ablation (RFA) is generally considered to be one of the primary treatments for patients who are unsuitable for surgery or radiation therapy,[6](#tca12973-bib-0006){ref-type="ref"} and it can also be used to treat locally recurrent lesions after radiotherapy or limited surgery. As a classic method of ablation, it had been widely used for liver cancer,[7](#tca12973-bib-0007){ref-type="ref"} lung cancer, and bone metastases.[8](#tca12973-bib-0008){ref-type="ref"} Like RFA, MWA is an emerging ablation technology that has shown the advantages of short operation time, high power, and complete ablation.[9](#tca12973-bib-0009){ref-type="ref"} However, minimally invasive treatment of the tumor is full of unknowns. Extrapolation of these data to thoracic tumor is controversial. A much‐debated question is whether the benefits of several ablation methods for thoracic cancer are equal. To date there has been little agreement on this issue. Research on the subject has been mostly restricted to limited comparisons of a small scale. Finding the answers to questions requires more and more evidence to confirm.

Here in, information and databases were examined to provide the systematically analyzed results for the efficacy and safety of thermal ablation, aiming to provide further information to guide practice for the application of anticancer therapy in thoracic cancer. The specific objective of the present study was to investigate the differences between RFA and MWA. Our review focused on evaluating the difference in the overall survival (OS) rate and safety of thoracic cancer.

Methods {#tca12973-sec-0006}
=======

We carried out this systematic literature review and meta‐analysis according to the Preferred Reporting of Systematic Reviews and Meta‐Analyses (PRISMA) recommendations. The primary research objective was to determine whether there is a significant difference in survival rate with RFA and MWA. The secondary objective was to determine which techniques have higher therapeutic safety.

Publication searches {#tca12973-sec-0007}
--------------------

A systematic literature search was carried out using Embase, PUBMED, Web of Science, Cochrane Library, and CNKI databases from inception to August 2018 including the terms: thoracic cancer, lung cancer, pulmonary tumor, radiofrequency ablation, microwave ablation, OS, and tumor interventional therapy. Then the researchers used Google Scholar for a supplementary search.

Relevant studies were identified sequentially by abstract scanning and full‐text browsing by three reviewers (Sun, Zhang, and Xu). All uncertainties and differences were resolved by consensus by re‐checking sources, and the conformity of data to the inclusion and exclusion criteria for this study.

Exclusion criteria and quality evaluation {#tca12973-sec-0008}
-----------------------------------------

The criteria for inclusion of studies were as follows: (i) prospective or retrospective articles without ethical issues; (ii) the research content is consistent with our research topic; (iii) evaluate patient pain through internationally accepted pain scoring criteria (such as visual analog scale/score, numeric rating scales, verbal rating scales); and (iv) the required data results should be reported from the article or can be derived.

Exclusion criteria were as follows: (i) reviews, editorials, case reports, conference abstracts, and letters; (ii) the data contained in the article is duplicated; (iii) studies using animal models (such as swine and rabbit) or unrelated studies to the objectives of our analysis; (iv) missing data or insufficient data; and (v) when the same study was reported twice, we extracted data from the most recent study with the largest sample size for relevant results.

The methodological quality of the included studies was assessed using the six evaluation indicators on which three consequences of each eligible study were evaluated: "yes", "no," and "not clear".

A study can be given a maximum of 1 point for each item. Quality of bias assessment of the included studies is shown in the table [2](#tca12973-tbl-0002){ref-type="table"}.

Data extraction {#tca12973-sec-0009}
---------------

Reviewers (ZHANG, LIU, and SUN) independently extracted study characteristics from eligible publications by a standardized data extraction form. These were summarized in an orderly manner to facilitate comparison.

The following information was gathered from eligible articles: name of first author, year of publication, country of location of the patient, and number of patients. Patients' detailed data included age, gender, primary or metastatic tumor, tumor size, disease stage, and therapies.

Statistical analysis {#tca12973-sec-0010}
--------------------

The study was carried out in the form of a survey, with data being gathered through RevMan 5.3 (for Windows; Cochrane Community, Oxford, UK) and SPSS 22.0 (for Windows; IBM, Armonk, NY, USA) and results reflected through forest plots. Given that survival analysis has dichotomous outcomes, cumulative rates were calculated summing up the results gained in each study. For both the RFA and MWA arm, the number of patients' survival (six months, one year, two years, and three years) was extracted from each article.

Data were pooled using odds ratios. A fixed effects model was used. Statistical heterogeneity between studies was examined utilizing the χ^2^‐test and the *I* ^2^ statistic. Cochrane stipulates that 0--40% is mild heterogeneity; 40--60% is moderate heterogeneity; 50--90% is relatively heterogeneous; and 75--100% is highly heterogeneous.

Results {#tca12973-sec-0011}
=======

Search of literature {#tca12973-sec-0012}
--------------------

An outline of how data searches and selection of studies were executed is shown in a flow diagram (Fig [1](#tca12973-fig-0001){ref-type="fig"}). The database search yielded 275 studies, out of which 141 studies were excluded based on the inclusion eligibility after scanning titles and abstracts of studies. The further perusing of the full‐text of the remaining 71 articles resulted in the selection of seven studies for meta‐analysis. The remaining studies were excluded because there were not enough data presented to enable extraction for prognostic studies.

![Flow diagram.](TCA-10-543-g002){#tca12973-fig-0001}

Eventually, seven eligible studies containing 565 patients (one patient was lost in the result of Maxwell *et al.* 2016.) that presented outcome data stratified by the OS rate amongst patients in five countries were used in this meta‐analysis.[10](#tca12973-bib-0010){ref-type="ref"}, [11](#tca12973-bib-0011){ref-type="ref"}, [12](#tca12973-bib-0012){ref-type="ref"}, [13](#tca12973-bib-0013){ref-type="ref"}, [14](#tca12973-bib-0014){ref-type="ref"}, [15](#tca12973-bib-0015){ref-type="ref"}, [16](#tca12973-bib-0016){ref-type="ref"} A total of 246 patients (43.54%) were receiving RFA therapy and 319 (56.46%) controls were receiving MWA. The studies included patients with primary and metastatic tumors, covering stages 1--4, with 376 (66.43%) men and 190 (33.57%) women. All specific information is in Table [1](#tca12973-tbl-0001){ref-type="table"}.

###### 

Characteristics of the eligible trials

  ----------------------------------------------------------------------------------------------------------------------------------------------------------
               Mean age   Gender                                  Stage   Therapies                                                                    
  ------------ ---------- ----------- ----- -------------------- -------- ----------- ---- -------------------- ---------------------- ---- ----- ---- -----
  Cheng        2016       Australia   12             71             \_    8           4    Primary                   3.42 ± 1.28        10    2   2    10

  Chi          2018       China       238      61 ± 13 (MWA)\       \_    178         60   Primary/metastasis     2.87 ± 1.76 (MWA)\    78   160  99   139
                                               61 ± 12 (RFA)                                                      2.41 ± 1.18 (RFA)                    

  Macchi       2017       Italy       52             69           40--87  37          15   Primary                        \_            0    52   28   24

  Maxwell      2016       USA         9         73.8 ± 12.4       50--86  5           4    Primary                2.35 ± 0.82 (RFA)\    6     3   4    5
                                                                                                                  2.38 ± 1.40 (MWA)                    

  Nour‐Eldin   2017       Germany     92     59.6 ± 11.9 (MWA)\   39--74  33          59   Primary                        \_            \_   \_   29   63
                                             57.1 ± 12.8 (RFA)                                                                                         

  Vogl         2016       Germany     88     64.6 ± 11.5 (MWA)\   34--90  57          31   Metastasis                     \_            0    88   41   47
                                               71 ± 10 (RFA)                                                                                           

  Li           2017       China       75     58.2 ± 16.2 (MWA)\   12--89  58          17   Primary/metastasis    29.98 ± 17.46 (RFA)\   53   22   43   32
                                             58.4 ± 16.2 (RFA)                                                   34.56 ± 20.25 (MWA)                   
  ----------------------------------------------------------------------------------------------------------------------------------------------------------

--, Not clear; MWA, microwave ablation; RFA, radiofrequency ablation.

Quality of the literature {#tca12973-sec-0013}
-------------------------

The methodological quality of the included studies was assessed using the eight evaluation indicators on which three results of each eligible study were evaluated: A, is the case definition adequate; B, representativeness of the cases; C, selection of controls; D, definition of controls; E, comparability of cases and controls on the basis of the design or analysis; F, ascertainment of exposure; G, same method of ascertaining for cases and control; and H, same non‐response rate.

A study can be awarded a maximum of 1 point for each item. the quality of bias assessment of the included studies according to the evaluation indicators is detailed in Table [2](#tca12973-tbl-0002){ref-type="table"}.

###### 

Methodological quality of eligible trials

  Study              A   B   C   D   E   F   G   H   Total
  ----------------- --- --- --- --- --- --- --- --- -------
  Cheng 2016         √       √   √   √   √   √   √     7
  Chi 2018           √   √   √   √   √   √   √   √     8
  Li 2017            √   √       √   √   √   √   √     7
  Macchi 2017        √       √   √       √   √         5
  Maxwell 2016       √   √   √   √   √   √   √   √     8
  Nour‐Eldin 2017    √   √   √   √       √   √   √     7
  Vogl 2016          √   √   √   √       √   √   √     7

A: Is the case definition adequate? B: Representativeness of the cases. C: Selection of controls. D: Definition of controls. E: Comparability of cases and controls on the basis of the design or analysis. F: Ascertainment of exposure. G: Same method of ascertainment for cases and control. H: Same non‐Response rate.

Overall analysis (OS) {#tca12973-sec-0014}
---------------------

There were a total of 203 patients who underwent RFA, and 288 who underwent MWA. Although some literature reported the results of metastasis‐free survival, progression‐free survival, and recurrence‐free survival, the reporting and occurrence of these events were rare. Therefore, we could only choose the results of OS to evaluate the survival outcomes. We found no significant heterogeneity between trials (Figs [2](#tca12973-fig-0002){ref-type="fig"}, [3](#tca12973-fig-0004){ref-type="fig"}).

![Forest plot. MWA, microwave ablation; RFA, radiofrequency ablation.](TCA-10-543-g006){#tca12973-fig-0002}

![Survival time comparison. MSE, Mean squared error; SND, Standard deviation. ![](TCA-10-543-g004.jpg "image"), 0.5 year RFA; ![](TCA-10-543-g009.jpg "image"), 0.5 year MWA; ![](TCA-10-543-g011.jpg "image"), 1 year RFA; ![](TCA-10-543-g005.jpg "image"), 1 year MWA; ![](TCA-10-543-g003.jpg "image"), 2 year RFA; ![](TCA-10-543-g014.jpg "image"), 2 year MWA; ![](TCA-10-543-g013.jpg "image"), 3 year RFA; ![](TCA-10-543-g010.jpg "image"), 3 year MWA.](TCA-10-543-g015){#tca12973-fig-0004}

### 0.5‐year OS {#tca12973-sec-0015}

Survival rates of 385 patients from five studies were analyzed in this six‐month survival rate analysis (OR 0.99, 95% CI 0.52--1.89). The study involved 147 patients (38.08%) in stage 1--2, 239 patients (61.92%) in stage 3--4, 176 patients treated with RFA (45.60%), and 209 patients received MWA (54.40%).

### One‐year OS {#tca12973-sec-0016}

A total of 565 patients' one‐year survival rates from seven studies were analyzed (OR 0.95, 95% CI 0.63--1.44). Of these, 246(43.54%) patients were treated with RFA, and 319 (56.64%) received MWA.

### One‐year OS {#tca12973-sec-0017}

Survival rates of 513 patients from six studies were analyzed in this two‐year survival rate analysis (OR 1.00, 95% CI 0.70--1.44). A total of 218 (42.50%) tumor patients received RFA, and 295 (57.50%) patients were treated with MWA. In the figure [2](#tca12973-fig-0002){ref-type="fig"}, we can find that the heterogeneity of the two‐year survival rate reached 66%. Sensitivity analysis was carried out to exclude heterogeneous sources of research, and it was finally found that the heterogeneity reduction to 36% after the study of Nour‐Eldin in 2017 was eliminated.^14^ The specific discussion of this problem is in the Discussion section.

### Three‐year OS {#tca12973-sec-0018}

Five studies reported the three‐year survival period involving a total of 275 patients (OR 0.71, 95% CI 0.42--1.18). A total of 119 (43.27%) tumor patients received RFA, and 156 (56.73%) patients were treated with MWA.

Publishing bias {#tca12973-sec-0019}
---------------

Funnel plot analysis of publication bias of the literature was carried out, as shown in Figure [4](#tca12973-fig-0003){ref-type="fig"}. Linear regression analysis (Egger\'s test) of the funnel plot did not identify any significant graphics or statistical bias (*P* = 0.872).

![Publishing bias by Egger\'s test. Linear regression analysis (Egger\'s test) of the funnel plot did not identify any significant graphics or statistical bias. ![](TCA-10-543-g012.jpg "image"), Study; ![](TCA-10-543-g001.jpg "image"), regression line; ![](TCA-10-543-g008.jpg "image"), 95% CI for intercept.](TCA-10-543-g007){#tca12973-fig-0003}

Safety {#tca12973-sec-0020}
------

Two studies have reported postoperative complications, the most important of which are a pneumothorax, hemoptysis, pleural effusion, and subcutaneous emphysema. The specific situation can be seen in Table.[3](#tca12973-tbl-0003){ref-type="table"}. There was no significant difference in the incidence of complications between the two groups.

###### 

Incidence of treatment complications

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
              Total Complications     Hemoptysis    Pleural effusion    Pneumothorax  Subcutaneous emphysema                                                    
  ----------- --------------------- --------------- ------------------ -------------- ------------------------ --------------- -------- --------------- ------- ---------------
  RFA (142)   27.46%                 χ^2^ = 0.987\  6.34%               χ^2^ = 0.96\  2.82%                     χ^2^ = 0.205\  19.72%    χ^2^ = 0.866\  2.82%    χ^2^ = 0.205\
                                      *P* = 0.321                       *P* = 0.756                              *P* = 0.651              *P* = 0.352             *P* = 0.651

  MWA (171)   21.05%                     4.68%      2.34%                  14.62%     2.34%                                                                     
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

MWA, microwave ablation; RFA, radiofrequency ablation.

Discussion {#tca12973-sec-0021}
==========

In our practical application, it seems that MWA tends to perform worse than RFA on the safety of serious adverse reactions. However, our study has compared postoperative complications in RFA and MWA, and found that they are essentially identical. Analysis results of the cases in the study showed no statistical difference in the incidence of adverse reactions. However, with the small sample size of the safety study, caution must be applied, as the findings might not be accurate. We believe that because of the lack of research and sample size, it is necessary to draw a larger conclusion in order to reach a certain conclusion. RFA is currently the most successful thermal ablation method, and many studies have verified its effect in the treatment of liver cancer ablation. Compared with traditional palliative treatment, the quality of life and survival time are better than systemic chemotherapy,[17](#tca12973-bib-0017){ref-type="ref"}, [18](#tca12973-bib-0018){ref-type="ref"} which can effectively prolong the survival time of patients. Especially for patients with tumor invasion of the trachea leading to atelectasis or a severe cough, thermal ablation can immediately relieve symptoms and reduce pain. Pneumothorax was most commonly observed after thermal ablation, but only a small percentage of patients required percutaneous chest tube placement.[6](#tca12973-bib-0006){ref-type="ref"} Other complications might be caused by thermal damage to adjacent structures, resulting in pain and perforation, and intrapulmonary hemorrhage, hemoptysis, pleural effusion, and pleural inflammatory chest pain have been reported. Complications are usually mild and self‐healing. In our study, the incidence of a complication from RFA and MWA was similar, and not particularly serious complications occurred. The results showed that these two ablation methods are safe for lung tumors. As an emerging ablation method, MWA has the advantages of short operation time, high ablation power, and low price compared with traditional RFA.[9](#tca12973-bib-0009){ref-type="ref"} It has great potential for development in oncotherapy. The most recent meta‐analysis of RFA and MWA is about the effects of RFA versus other ablation techniques on hepatocellular carcinomas. Another study yielded an interesting result. Compared with RFA, identical effects were found in MWA and cryoablation.[19](#tca12973-bib-0019){ref-type="ref"} It showed that RFA appeared more effective, but with a higher rate of complications. This differs from the findings presented here.

One of the more significant findings to emerge from the present study is that MWA can achieve long‐term effects similar to RFA. Although this study focuses on differences in long‐term efficacy between RFA and MWA, the findings might well have a bearing on the application of MWA in the treatment of thoracic cancer. As a classic treatment, thermal ablation has been successfully applied to the palliative treatment of liver cancer, lung tumor, and others.[20](#tca12973-bib-0020){ref-type="ref"} A prospective, intention‐to‐treat, single‐arm, multicenter clinical trial from seven centers in Europe, the USA, and Australia showed RFA has been accepted as a viable therapeutic choice for non‐surgical patients with early‐stage hepatocellular carcinoma or limited hepatic metastatic disease from colorectal cancer.[21](#tca12973-bib-0021){ref-type="ref"} Many different modalities have been proposed and accepted for ablation procedures; these include RFA, MWA, percutaneous ethanol injection, laser ablation, cryoablation, and high‐intensity focused ultrasound. Thermal ablation uses radio frequency current, microwave, or ultrasound to directly heat the tumor tissue, and the local temperature can reach 90--100°C, which leads to coagulative necrosis of tumor tissue and surrounding blood vessels.[20](#tca12973-bib-0020){ref-type="ref"} It causes irreversible thermal damage to tumor cells, directly kills tumor cells, stimulates the body to produce specific immunity,[22](#tca12973-bib-0022){ref-type="ref"} and also destroys the cell membrane of tumor cells, affecting the metabolic function of tumor cells. Ablation therapy can also improve the patient\'s immune ability, and kill small lesions that have not been discovered by medical imaging. Several ablation methods have their own advantages, and the safety of laser and percutaneous ethanol injection is the highest in the treatment of liver cancer.[19](#tca12973-bib-0019){ref-type="ref"} They can be the application in high‐risk areas for protecting the important organs. The effects of microwave ablation and cryoablation are similar. Mild, critical patients can be considered. RFA has the best therapeutic effect, but the incidence of serious complications can be relatively high. Tumor size seems to be an important determinant of long‐term tumor control in ablation therapy. The recurrence rate is higher when the tumor is \>2--3 cm.[23](#tca12973-bib-0023){ref-type="ref"} MWA produces a thermal coagulated area that is smaller than that produced by RFA. The main performance of the MWA needle is outstanding, including consistently higher intratumoral temperatures, fast ablation times, and an improved convection profile versus those obtained with RFA. The MWA needle is heated very quickly and the temperature is stable, ensuring stable and efficient heating of the tissue in the area. MWA requires less treatment time and fewer treatments. Studies have shown that RFA and MWA have the same therapeutic effect, complication rate, and residual disease rate of untreated disease. Therefore, the effect of RFA can be achieved with fewer MWA sessions.[24](#tca12973-bib-0024){ref-type="ref"}

In the analysis of two‐year survival rate, the study of Nour‐Eldin *et al.* [14](#tca12973-bib-0014){ref-type="ref"} showed obvious heterogeneity. That study was a comparison of laser‐induced interstitial thermotherapy, RFA, and MWA in patients with lung metastases from non‐colon cancer, whereas other studies were aimed at primary lung cancer or colorectal cancer lung metastases. This might suggest that there are different possibilities for the long‐term effects of two ablations on non‐colon cancer metastatic tumors and other sources. Lung metastases have relatively little impact on the prognosis of patients with colorectal cancer, which could be the reason for explaining the difference. Due to the lack of raw data and the small sample size, we have not been able to carry out a subgroup analysis of primary and metastatic patients. There is always a question about whether RFA and MWA are different in treating both types of tumors. We require more research and samples to clarify the results.

Although the current study is based on a small sample of participants, the findings suggest MWA has the potential to become a new choice for thoracic cancer. The benefit of thermal ablation for cancer remains uncertain and will require randomized clinical trial data to confirm efficacy. More information on MWA and RFA would allow us to establish a greater degree of accuracy in this matter. The findings of this study include a number of important implications for future practice.
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